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$N$ , 2 1, 2 , , $n$
. , $2n\leq N$ . , Bather [B85] ,
. , $j=1,2$




1) Ber(p)\Leftrightarrow $f(x)=p^{x}(1-p)^{1-x}(x=0,1;0<p<1)$ ) (Bernoulli)
2) i.i.d. independently and identically distributed
3) $U$ ( $a$ , b)\Leftrightarrow $f(x)=1/(b-a)(a<x<b);=0$ ( ) $(a, b)$
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. , $\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\sum\ovalbox{\tt\small REJECT},$ $X_{\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}}(j\ovalbox{\tt\small REJECT} 1,2)$ , I
.
I: $\mathrm{Y}_{1}$ , Y2 $U_{1}$ , $U_{2}\sim U(-1/2,1/2)^{3)}i.i.d$ , $Z_{j}:=\mathrm{Y}_{j}+U_{j}(j=1,2)$ .
$\{$
Zl\geq Z2\Rightarrow 1 ,
Zl<Z2\Rightarrow 2
, $N-2n$ .






. , 2 $\rho_{2}=\rho_{2}(p_{1},p_{2})$ $\rho_{2}=1-\rho_{1}$ .
, $\rho_{1},\rho_{2}$ .




$j1’$ , $\cdots,$ $X_{jn}’\sim^{d}.$.$Ber(|.p_{j}’):$. $(j=1,2)$
, $\mathrm{Y}_{j}’:=\sum_{\dot{\iota}=1}^{n}X_{ji}’(j=1,2)$ . , $S_{\dot{l}}:=X_{2}|$. $-X_{1i},$ $S_{\dot{l}}’:=X_{2}’\cdot-|X_{1\dot{\iota}}’(i=1, \cdots, n)$
, $S:= \sum_{i=1}^{n}S_{i}=\mathrm{Y}_{2}-\mathrm{Y}_{1},$ $S’:= \sum_{\dot{\iota}=1}^{n}S_{i}’=\mathrm{Y}_{2}’-\mathrm{Y}_{1}’$ . , $i=1,$ $\cdots,$ $n$




. , $\eta\ovalbox{\tt\small REJECT}^{\ovalbox{\tt\small REJECT}}(p_{1}+p_{2}-1)^{2}/4$ $u’\ovalbox{\tt\small REJECT} u+\eta,$ $v’\ovalbox{\tt\small REJECT} v-2\eta,$ $w’\ovalbox{\tt\small REJECT} w+\eta$
. , $i\ovalbox{\tt\small REJECT} 1,$ $\cdots,$ $n$ , $\mathrm{S}$
$P\{M_{i}=s|S_{i}=\pm 1\}=\{$
1 $(s=0)$ ,
0 $(s\neq 0)$ ,
$P\{M_{i}=s|S_{i}=0\}=\{\begin{array}{l}\eta/v(s=1)1-2\eta/v(s=0)\eta/v(s=-1)\end{array}$
$M_{i}$ , $S_{i}’=S_{i}+M_{i}$ , $M:= \sum_{i=1}^{n}M_{i}$ $S’=S+M$
. , $R$ $S_{1},$ $\cdots,$ & 0 ,
$f(r, s)$ $:=P\{R=r, S=s\}$
$= \frac{n!}{\alpha!r!(n-\alpha-r)!}u^{\alpha}v^{r}w^{(n-\alpha-r)}$ $( \alpha=\frac{n+s-r}{2})$ ,
$g(r, m)$ $:=P\{M=m|R=r\}$
$= \frac{r!}{\alpha!\beta!\gamma!}(\frac{\eta}{v})^{\alpha}(1-\frac{2\eta}{v})^{\beta}(\frac{\eta}{v})^{\gamma}$ $(\begin{array}{l}\alpha+\beta+\gamma=r\alpha-\gamma=m\end{array})$ ,
. , $r=0,1,$ $\cdots,$ $n,$ $s=-n+r,$ $-n+r+2,$ $\cdots,$ $n-r$ . , $g(r, m)=$
$g(r, -m)$ ,
$f(r, -s)= \frac{n!}{\alpha’!r!(n-\alpha’-r)!}u^{\alpha’}v^{r}w^{(n-\alpha’-r)}$ $( \alpha’=\frac{n-s-r}{2})$
$\frac{f(r,s)}{f(r,-s)}=\frac{\alpha’.(n-\alpha’-r)!}{\alpha(n-\alpha-r)!}!\frac{u^{\alpha}w^{n-\alpha-r}}{u^{\alpha}’ w^{n-\alpha’-r}}$
$= \frac{u^{\alpha}w^{\alpha’}}{w^{\alpha}u^{\alpha}’}=(\frac{u}{w})^{\alpha-\alpha’}=(\frac{u}{w})^{s}$
. , $u-w=(1-p_{1})p_{2}-p_{1}(1-p_{2})=p_{2}-p_{1}<0$ , $s>0$
$f(r, s)\leq f(r, -s)$ . , $\rho_{2}(p_{1},p_{2}),$ $\rho_{2}(p_{1}’,p_{2}’)$
$\rho_{2}(p_{1},p_{2})=P\{S>0\}+\frac{1}{2}P\{S=0\}$





$= \sum_{r=0}^{n}\sum_{s}f(r, s)\{\sum_{m>-s}g(r, m)+\frac{1}{2}g(r, -s)\}$
$= \sum_{r=0}^{n}\sum_{s>0}f(r, s)\{\sum_{m>-s}g(r, m)+\frac{1}{2}g(r, -s)\}$
$+ \sum_{f-\triangleleft}^{n}f(r, 0)\{\sum_{m>0}g(r,m)+\frac{1}{2}g(r, 0)\}$
$+ \sum_{t=0}^{n}\sum_{s<0}f(r, s)\{\sum_{m>-s}g(r, m)+\frac{1}{2}g(r, -s)\}$
$= \sum_{f-\triangleleft}^{n}\sum_{s>0}f(r, s)\{1-\sum_{m>s}g(r, m)-\frac{1}{2}g(r, s)\}$
$+ \frac{1}{2}\sum_{r-\sim}^{n}f(r, 0)+\sum_{r=0}^{n}\sum_{s>0}f(r, -s)\{\sum_{m>s}g(r,m)+\frac{1}{2}g(r, s)\}$
$\rho_{2}(p_{1}’,p_{2}’)-\rho_{2}(p_{1},p_{2})=\sum_{r=0}^{n}\sum_{s>0}\{f(r, -s)-f(r, s)\}\{\sum_{m>s}g(r, m)+\frac{1}{2}g(r, s)\}$
$\geq 0$
.
2.2 ([B85]). $P1:=(1+\delta)/2,$ $p_{2}:=(1-\delta)/2$ . , $n$ ,
1 $\rho_{1}$
$\rho_{1}\approx\Phi(\frac{\delta\sqrt{2n}}{\sqrt{1-\delta^{2}}})$
. , $\delta:=|p_{1}-p_{2}|$ , $\Phi(\cdot)$ $N(0,1)$ (c.d.f.) .









1 4 1 4 $p_{1},p_{2}$ $n$ $\rho_{1}(p_{1},p_{2})$
, 2.1 $p_{1}’$ ,pd $\rho_{1}(p_{1)}’p_{2}’)$ 1 .


















$\rho_{1}(p_{1}’,d_{2})$ ——- ($d_{1}$ , )
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4 $p_{1}=0.90,p_{2}=0.80$
13510 20 30 50 100$n$ 3 5 10
$\rho_{1}$
$(p_{1}, p_{2})$ 0.550 0.616 0.659 0.729 0.811 0.861 0.921 0.977
$\rho_{1}$
$(p_{1}’, p_{2}’)$ 0.550 0.593 0.621 0.671 0.736 0.780 0.841 0.922
1 4 , $p_{1},p_{2}$ ( $\rho_{1}$ )
$n$ . , 1, 1 $\rho_{1}\leq 0.8$
$n$ $n=27$ . $n$ , $p_{2}$
, . $n$
, $n$
. , , $n$
. , $p_{1},p_{2}$ ,
$n$ .




. , $p^{*}=\mathrm{m}\mathrm{a}\mathrm{x}j=1,2Pj$ .
, , 2
. , (2.1) 1
$n$ , 2








. , $R_{n}$ 2.1 $p_{1}=(1+\delta)/2,p_{2}=(1-\delta)/2$ ,
(2.2)
$\inf_{n}\sup_{\delta}\{n\delta+(N-2n)\delta\rho_{2}(\frac{1+\delta}{2},$ $\frac{1-\delta}{2})\}$
. , $n$ , 22
$\inf_{n}\sup_{\delta}\{n\delta+(N-2n)\delta,\Phi(-\frac{\delta\sqrt{2n}}{\sqrt{1-\delta^{2}}})\}$ (2.4)
. , (2.3) $n,$ $\delta$ , 5
59
$\ovalbox{\tt\small REJECT} 5|Ji.\triangleright\backslash y\backslash \triangleright R_{n\backslash -}\emptyset\backslash \backslash -\mathrm{v}\backslash y\backslash j7_{\backslash }ffln$
$N$ 50 100 200 300 500 700 1000
$n$ 4 6 9 11 16 20 25
$\delta$ 1.0000 1.0000 0.2048 0.1800 0.1472 0.1302 0.1152
$R$ 4.0000 6.0000 9.0446 11.9876 16.3437 20.2704 25.6480
3 , pl, $N$ $n$
. , , $\delta$ $\delta\leq c(0<c\leq 1)$ ,
.
$\inf_{n}\sup_{\delta\leq c}\{n\delta+(N-2n)\delta\rho_{2}(\frac{1+\delta}{2},$ $\frac{1-\delta}{2})\}$




$N$ 50 100 200 300 500 700 1000
$n$ 8 17 33 50 82 114 162
$\delta$ 0.0200 $0.02\alpha$) 0.0200 0.0200 0.0200 0.02(X) 0.0200
$R$ 0.4787 0.9317 1.8277 2.6837 4.3217 5.8808 8.1006
$c=0.06$
$N$ 50 100 200 300 500 700 $1\alpha 10$
$n$ 8 16 32 46 74 99 133
$\delta$ 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600 0.0600
$R$ 1.3093 2.4616 4.4996 6.2897 9.3587 11.9442 15.1984
$c=0.10$
$N$ 50 100 200 300 500 700 1000
$n$ 8 16 29 41 62 79 103
$\delta$ 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000 0.9643 .
$R$ 1.9781 3.5504 6.0746 8.0833 11.1864 13.5460 16.2824
$c=0.20$
$N$ 50 100 200 300 500 700 1000
$n$ 7 13 22 31 48 62 80
$\delta$ 0.2000 0.2000 0.2000 0.1676 0.1215 0.1001 0.0830
$R$ 3.0477 4.8758 7.2493 8.8969 11.5591 13.8387 16.9005
6 , $c$ , $N$ , $\delta$ $\delta=c$
. , $n$ , $N$ 1 2
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, $c,$ $N$ , $n$ $N$ 6 1 .
, $N$ 3 1 2 $1\backslash$ , 3
2 .
3. 2 3
2 $N$ , 1,2,3 $n$







. , $\mathrm{Y}_{j}:=\sum_{i=1}^{n}Xji(j=1,2,3)$ ,
$\mathrm{I}\mathrm{I}$
.
: $\mathrm{Y}_{1},$ $\mathrm{Y}_{2},$ $\mathrm{Y}_{3}$ $U_{1}$ , $U_{2},$ $U_{3}\sim U(-1/i.i.d2,1/2)$ ,
$Z_{j}:=\mathrm{Y}_{j}+U_{j}(j=1,2,3)$
. ,
$Z_{j^{*}}= \max_{1\leq j\leq 3}Z_{j}$







$\rho_{1}=\sum_{k=0}^{n-2}\sum_{l=k+1}^{n-1}\sum_{m=l+1}^{n}\{g(m, l, k)+g(m, k, l)\}+\sum_{k=0}^{n-1}\sum_{l=k+1}^{n}g(l, k, k)$
$+ \frac{1}{2}\sum_{k=0}^{n-1}\sum_{l=k+1}^{n}\{g(l, l, k)+g(l, k, l)\}+\frac{1}{3}\sum_{k=0}^{n}g(k, k, k)$
. ,








$= \sum_{k=0}^{n-2}\sum_{l=k+1}^{n-1}\sum_{m=l+1}^{n}g(m, l, k)$
. , 5 .
3.1 $n$ , 1 $\rho_{1}$
$\rho_{1}\approx\frac{1}{\sqrt{p_{1}(1-p_{1})}}\int_{-\infty}^{\infty}\Phi(\frac{x+\sqrt{n}(p_{1}-p_{2})}{\sqrt{p_{2}(1-p_{2})}})$
. $\Phi(\frac{x+\sqrt{n}(p_{1}-p_{3})}{\sqrt{n(1-p_{3})}})\varphi(\frac{x}{\sqrt{p_{1}(1-p_{1})}})dx$
. , $\Phi(\cdot)$ , $\varphi(\cdot)$ $N(0,1)$ c.d.f., p.d.f. .
$j=1,2,3$ ,
$W_{j}:= \frac{\mathrm{Y}_{j}-np_{j}}{\sqrt{n}}$
, $n$ ffi , $W_{j}$ $N(0,pj(1-pj))$ . , $\mathrm{Y}_{j}=\Gamma nWj+npj$
, $n$
$\rho_{1}\approx Pr\{\mathrm{Y}_{2}\geq \mathrm{Y}_{1}, \mathrm{Y}_{2}\geq \mathrm{Y}_{3}\}$
$=Pr\{\sqrt{n}W_{1}+np_{1}\geq\sqrt{n}W_{2}+np_{2}, \sqrt{n}W_{1}+np_{1}\geq\sqrt{n}W_{3}+np_{3}\}$
$=Pr\{W_{2}\leq W_{1}+\sqrt{n}(p_{1}-p_{2}), W_{3}\leq W_{1}+\sqrt{n}(p_{1}-p_{3})\}$
$=E^{W_{1}}[Pr\{W_{2}\leq W_{1}+\sqrt{n}(p_{1}-p_{2}), W_{3}\leq W_{1}+\sqrt{n}(p_{1}-p_{3})|W_{1}\}]$
$= \int_{-\infty}^{\infty}F_{W_{2}}(w_{1}+\sqrt{n}(p_{1}-p_{2}))F_{W_{3}}(w_{1}+\sqrt{n}(p_{1}-n))fw_{1}(w_{1})dw_{1}$ (3.2)
62









3.1 , 2 $P1,P2,P3$ , $n$






$\ovalbox{\tt\small REJECT} 8P1=0.60,p_{2}=0.50,p_{3}=0.40\emptyset\epsilon\doteqdot 0_{\grave{\mathit{1}}}\not\cong\Re\ovalbox{\tt\small REJECT}^{\backslash }\mathrm{x}’\backslash$




0.4100 0.4786 0.5235 0.6008 0.6963 0.7573 0.8334 0.9217
0.3300 0.3188 0.3084 0.2841 0.2421 0.2072 0.1538 0.0771




2 , 5, 6 $p_{1},n,n$
( $\rho_{1}$ ) \not\in $n$ . , 8,
6 $\rho_{1}\leq 0.8$ $n$ $n=4\dot{0}$ . 2 , $n$






. , $p^{*}=\mathrm{m}\mathrm{a}\mathrm{x}j=1,2,3pj$ .
,
inf $\sup R_{n}$ (3.4)
$n\mathrm{p}_{1,}p_{2},p_{3}$















, $r_{2}=(\delta-t)\rho_{2}+(\delta+t)\rho_{3}$ $t$ .
3.1 $r_{2}$ $t=0$ .










, $r_{2}$ $t=0$ .
, $r_{2}$ $t=0$ . , ,
, $\delta$ , $t=0$ , $r_{2}$




, $\alpha,$ $\delta$ $\sup$ , , $\delta$
$n$ $\alpha$ 9 .
65
$\backslash$ 9 $\delta$ $n$
$\delta=0.01$
$N$ 50 100 200 300 500 700 1000
$n$ 6 11 23 34 56 79 113
$R$ 0.3290 0.6542 1.2976 1.9340 3.1901 4.4285 6.2582
$\alpha$ 0.5327 0.5231 0.5167 0.5143 0.5121 0.5109 0.5098
$\delta=0.02$
$N$ 50 100 200 300 500 700 1000
$n$ 6 11 23 34 57 79 114
$R$ 0.6491 1.2828 2.5217 3.7318 6.0831 8.3612 11.6635
$\alpha$ 0.5372 0.5277 0.5213 0.5190 0.5167 0.5155 0.5144
$\delta=0.04$
$N$ 50 100 200 300 500 700 1000
$n$ 6 12 23 34 57 79 111
$R$ 1.2621 2.4611 4.7415 6.9034 10.9464 14.6985 19.8839
$\alpha$ 0.5463 0.5360 0.5305 0.5283 0.5260 0.5248 0.5239
$\delta=0.06$
$N$ 50 100 200 300 500 700 1000
$n$ 6 12 23 34 55 75 104
$R$ 1.8379 3.5311 6.6505 9.5046 14.6034 19.1036 24.9965
$\alpha$ 0.5554 0.5452 0.5398 0.5376 0.5355 0.5344 0.5334
$\delta=0.08$
$N$ 50 100 200 300 500 700 1000
$n$ 6 11 23 33 53 71 95
$R$ 2.3756 4.4914 8.2526 11.5598 17.1780 21.8882 27.7459
$\alpha$ 0.5645 0.5554 0.5491 0.5471 0.5450 0.5440 0.5431
$\delta=0.10$
$N$ 50 100 200 300 500 700 1000
$n$ 6 11 22 32 49 65 85
$R$ 2.8747 5.3422 9.5621 13.1209 18.8591 23.4487 28.9132
$\alpha$ 0.5736 0.5646 0.5587 0.5566 0.5547 0.5537 0.5529
9 , $\delta\leq 0.10$ , $n$ 1 . ,
$N$ 3 1 . , 3





. , , Akahira, Takeuchi and Ohwada $[\mathrm{A}\mathrm{T}\mathrm{O}02]$




. , $(X, \mathrm{Y})$ 2 $N_{2}(0,0,1,1, \rho)$ .
$(X, \mathrm{Y})$ $\phi(x, y;\rho)$
$\phi(x, y;\rho)=\frac{1}{2\pi\sqrt{1-\rho^{2}}}\exp\{-\frac{1}{2(1-\rho^{2})}(x^{2}+y^{2}-2\rho xy)\}$
. , $x,$ $y\in \mathrm{R}^{1},$ $|\rho|<1$ .
$G(x, y; \rho):=\int_{x}^{\infty}\int_{y}^{\infty}\phi(u, v;\rho)dvdu$ (4.1)
, $x=at$ , $y=bt(a, b\in \mathrm{R}^{1})$ , $tarrow\infty$ $G$ . (4.1)
$G(at, bt; \rho)=\int_{at}^{\infty}\int_{bt}^{\infty}\phi(u, v;\rho)dvdu$
$= \int_{0}^{\infty}\int_{0}^{\infty}\phi(u+at, v+bt;\rho)dudv$
$= \phi(at, bt;\rho)\int_{0}^{\infty}\int_{0}^{\infty}\exp\{-\frac{1}{2(1-\rho^{2})}(2atu+2btv$
$-2\rho btu-2\rho atv+u^{2}+v^{2}-2\rho uv)\}$dudv
$= \phi(at, bt;\rho)\int_{0}^{\infty}\int_{0}^{\infty}\exp\{-\frac{t}{1-\rho^{2}}((a-b\rho)u+(b-a\rho)v)\}$
. $\exp\{-\frac{1}{2(1-\rho^{2})}(u^{2}+v^{2}-2\rho uv)\}$ dudv. (4.2)
.
(i) $c:=a-b\rho>0,$ $d:=b-a\rho>0$
$G$ (at, $bt;\rho$) $=\phi$(at, $bt;\rho$) $\int_{0}^{\infty}\int_{0}^{\infty}\exp\{-\frac{t}{1-\rho^{2}}(cu+dv)\}$
. $\{1-\frac{1}{2(1-\rho^{2})}(u^{2}+v^{2}-2\rho uv)$




$+ \frac{(1-\rho^{2})^{4}}{cdt^{6}}$ ($\frac{3}{c^{4}}+\frac{3}{d^{4}}$ $\frac{3\rho}{c^{3}d}-\frac{3\rho}{cd^{3}}+\frac{1+2\rho^{2}}{c^{2}d^{2}})+O(\frac{1}{t^{8}})\}$ . (4.3)
.
(ii) $c=a-b\rho>0,$ $d=b-a\rho<0$









. , $\varphi(u)=(1/\sqrt{2\pi})e^{-u^{2}/2}(u\in \mathrm{R}^{1})$ .
(iii) $c=a-b\rho>0,$ $d=b-a\rho=0$ , (4.1)
$G$(at, $bt;\rho$ ) $= \phi(at, bt;\rho)\int_{0}^{\infty}\int_{0}^{\infty}\exp\{-\frac{t}{1-\rho^{2}}(au-\rho bu)$
$- \frac{1}{2(1-\rho^{2})}(u^{2}+v^{2}-2\rho uv)\}dudv$
$= \phi(at, bt;\rho)\int_{0}^{\infty}[\exp(-\frac{ct}{1-\rho^{2}}u-\frac{1}{2}u^{2})\int_{0}^{\infty}\exp\{-\frac{(v-\rho u)^{2}}{2(1-\rho^{2})}\}dv]$ du
$= \sqrt{2\pi}\sqrt{1-\rho^{2}}\phi(at, bt;\rho)\int_{0}^{\infty}\{\exp(-\frac{ct}{1-\rho^{2}}u-\frac{1}{2}u^{2})\}\Phi(\frac{\rho u}{\sqrt{1-\rho^{2}}})$du
$= \sqrt{2\pi}\sqrt{1-\rho^{2}}\phi(at, bt;\rho)\int_{0}^{\infty}\{\exp(-\frac{ct}{1-\rho^{2}}u)\}(1-\frac{u^{2}}{2}+\frac{u^{4}}{8}-\frac{u^{6}}{48}+\cdots)$
68
. $\{\frac{1}{2}+\frac{\rho u}{\sqrt{2\pi}\sqrt{1-\rho^{2}}}-\frac{1}{6\sqrt{2\pi}}\frac{\rho^{3}u^{3}}{(\sqrt{1-\rho^{2}})^{3}}+\cdots\}$ du
$= \sqrt{2\pi}\sqrt{1-\rho^{2}}\phi(at, bt;\rho)\int_{0}^{\infty}\{\exp(-\frac{ct}{1-\rho^{2}}u)\}\cdot\{$ $\frac{1}{2}+\frac{\rho u}{\sqrt{2\pi(1-\rho^{2})}}$
$- \frac{u^{2}}{4}-\frac{\rho}{6\sqrt{2\pi(1-\rho^{2})}}(\frac{\rho^{2}}{1-\rho^{2}}+3)u^{3}+\frac{u^{4}}{16}+\cdots\}$ du (4.5)
, $A:=ct/(1-\rho^{2})(>0)$
$\int_{0}^{\infty}u^{k}e^{-Au}du=\frac{k!}{A^{k+1}}$ $(k=0,1,2, \cdots)$ ,
, (4.5)





. , $\equiv \mathrm{Q}arrow$ $c=a-b\rho\leq 0,$ $d=b-a\rho>0$ .
4.2.
2 , [S81], Takeuchi and Takemura[TT79],
Cox and Wermuth[CW91] , 4.1
, .
, [S81], Takeuchi and Takemura[TT79], Cox and Wermuth[CW91]
.
[S81] $a=\rho/\sqrt{1-\rho^{2}},$ $\theta_{0}=\tan^{-1}a$ ,
$\rho_{1}=\frac{\rho a-b}{\sqrt{a^{2}-2\rho ab+b^{2}}}$ , $\rho_{2}=\frac{\rho b-a}{\sqrt{a^{2}-2\rho ab+b^{2}}}$
,
(S) : $G(at, bt;\rho)=G(at, 0;\rho_{1})+G(0, bt;\rho_{2})$ (4.7)
69
. ,
$c_{i}= \int_{0}^{\theta_{\mathrm{O}}}\tan^{2i}\theta d\theta$ $(i=0,1,2, \cdots)$
,




$c_{i}= \frac{a^{2i-1}}{2i-1}-c:-1$ $(i=1,2, \cdots)$ , $c_{0}=\tan^{-1}a$
, (4.7) . , $\Phi(\cdot)$ $N(0,1)$ c.d.f. . ,
Takeuchi and Takemura[TT79] $a\leq b$
(TT) : $G$ (at, $bt;\rho$) $=1- \Phi(bt)-\int_{\rho}^{1}\phi$(at, $bt;w$) $dw$ (4.8)
. , $u=\sqrt{(1+w)/(1-w)},$ $\tau=\sqrt{(1+\rho)/(1-\rho)}$
$\int_{\rho}^{1}\phi(h, k;w)dw=\sqrt{\frac{2}{\pi}}\exp(-\frac{h^{2}+k^{2}}{4})\sum_{l=0}^{\infty}[\frac{1}{l!}\{-\frac{(h+k)^{2}}{8}\}^{l}$
. $\sum \mathrm{C}-1)^{m}\tau^{-2(11m)-1}\overline{m}_{l+m+1}(\frac{k-h}{2}\tau)]$ (4.9)
,
$\tilde{m}_{l}(v)=\frac{1}{(2l-1)\sqrt{2\pi}}\exp(-\frac{v^{2}}{2})-\frac{v^{2}}{(2l-1)}\overline{m}_{l-1}(v)$ $(l=0,1,2, \cdots)$ , $\tilde{m}_{\mathrm{O}}(v)=\frac{1-\Phi(v)}{v}$
, (4.9) , (4.8) $G(at, bt;\rho)$ .
, Cox and Wermuth[CW91]
$\xi=\xi(a, b, t,\rho):=\frac{\rho\mu(at)-bt}{\sqrt{1-\rho^{2}}},$ $\mu(at):=\frac{\varphi(at)}{\Phi(-at)},$ $\sigma^{2}(at)=1+at\mu(at)-\mu^{2}$ (at)
,
(CWl) : $G(at, bt;\rho)\approx\Phi(-at)\Phi(\xi)$
$(CW2)$ : $G(at,bt; \rho)\approx\Phi(-at)[\Phi(\xi)-\frac{\rho^{2}}{2(1-\rho^{2})}\xi\varphi(\xi)\sigma^{2}(at)]$
.
, $G(at, bt;\rho)/\phi(at, bt;\rho)$ . 10 $a=0.3,$ $\rho=1/2$ ,
$b=0.2,0.15,0.1$ 2 . 4.1
$b=0.2$ (4.3), $b=0.15$ (4.6), $b=0.1$ (4.4) .
, $|ct|>1,$ $|dt|>1$ , 4.1 .
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2 , j $=1,2,3$ , $\mathrm{g}$
$N(\mu j, 1)$ ,
$X_{j1},$ $\cdots,$
$X_{jn}\dot{\ldots}\sim^{d}..N(\mu_{j}, 1)$ $(j=1,2,3)$
. , $\overline{X}_{j}:=(1/n)\sum_{\dot{\iota}=1}^{n}Xji(j=1,2,3)$ .
, $\mu_{1}>\mu_{2},$ $\mu_{1}>\mu_{3}$ , $\delta_{1}:=\mu_{1}-\mu_{2},$ $\delta_{2}:=\mu_{1}-\mu_{3}$ :
$R_{n}:=n(\delta_{1}+\delta_{2})+(N-3n)[\delta_{1}P\{\overline{X}_{2}>\overline{X}_{1},\overline{X}_{2}>\overline{X}_{3}\}+\delta_{2}P\{\overline{X}_{3}>$ .




$Var(U)=Var(V)=1,$ $C \sigma v(U, V)=Var(\overline{X}_{1})=\frac{1}{2}$




. , 4.1 , $a=\delta_{1},$ $b=\delta_{1}-\delta_{2},$ $t=\sqrt{n}/2,$ $\rho=1$
$c= \delta_{1}-\frac{1}{2}(\delta_{1}-\delta_{2})=\frac{1}{2}(\delta_{1}.+\delta_{2}),$ $d= \delta_{1}-\delta_{2}-\frac{1}{2}\delta_{1}=\frac{1}{2}(\delta_{1}-$
, $\delta_{1}>0,$ $\delta_{2}>0$ $c>0$ . $d$ ,





(ii) $\delta_{1}<2\delta_{2}$ . , $d<0$ , (4.4), (4.10)
$G(\sqrt{\frac{n}{2}}\delta_{1},$ $\sqrt{\frac{n}{2}}(\delta_{1}-\delta_{2});\frac{1}{2})=\frac{1}{\sqrt{\pi}}e^{-\delta_{1}^{2}n/4}\{\frac{1}{\delta_{1}\sqrt{n}}+O(\frac{1}{n\sqrt{n}})\}$
$+ \frac{1}{\pi\sqrt{3}}[\exp\{-\frac{n}{3}(\delta_{1}^{2}+\delta_{2}^{2}-\delta_{1}\delta_{2})\}]\{$ $\frac{9}{2n(\delta_{1}+\delta_{2})(\delta_{1}-2\delta_{2})}+O(\frac{1}{n^{2}})\}$ (4.12)
.
(iii) $\delta_{1}=2\delta_{2}$ . , $d=0$ , (4.6), (4.10)
$G(\sqrt{\frac{n}{2}}\delta_{1},$ $\sqrt{\frac{n}{2}}\delta_{2};\frac{1}{2})=\frac{1}{4}[\exp\{-\frac{n}{3}(\delta_{1}^{2}+\delta_{2}^{2}-\delta_{1}\delta_{2})\}]$
. $\{\frac{3}{(\delta_{1}+\delta_{2})\sqrt{\pi n}}-\frac{1}{(\delta_{1}+\delta_{2})^{2}\pi n}+O(\frac{1}{n\sqrt{n}})\}$ (4.13)
.
(i),(ii),(iii) , $P\{\overline{X}_{3}>\overline{X}_{1},\overline{X}_{3}>\overline{X}_{2}\}$ .
$P\{\overline{X}_{3}>\overline{X}_{1},\overline{X}_{3}>\overline{X}_{2}\}=G(\sqrt{\frac{n}{2}}\delta_{2},$ $\sqrt{\frac{n}{2}}(\delta_{2}-\delta_{1});\frac{1}{2})$ (4.14)
. , (4.14) (i),(ii),(iii) $\delta_{1}$ $\delta_{2}$ .
, $\delta:=\delta_{1}+\delta_{2}$ , $\delta_{1}=\lambda\delta(0<\lambda<1)$ . , $\lambda$
. , $P\{\overline{X}_{2}>\overline{X}_{1},\overline{X}_{2}>\overline{X}_{3}\}$ .




$+ \frac{1}{\pi\sqrt{3}}[\exp\{-\frac{n}{3}(3\lambda^{2}-3\lambda+1)\delta^{2}\}]\{$ $\frac{9}{2(3\lambda-2)\delta^{2}n}+O(\frac{1}{n^{2}})\}$ (4.15)
.
$(\mathrm{I}\supset)2/3<\lambda<1$ . , $c>0,$ $d>0$ , (4.10), (4.11)
$P\{\overline{X}_{2}>\overline{X}_{1},\overline{X}_{2}>\overline{X}_{3}\}$
$= \frac{1}{\pi\sqrt{3}}[\exp\{-\frac{n}{3}(3\lambda^{2}-3\lambda+1)\delta^{2}\}]\{$ $\frac{9}{2(3\lambda-2)\delta^{2}n}+O(\frac{1}{n^{2}})\}$ (4.16)
.
$(\nearrow\mathrm{a})\lambda=2/3$ . , $c>0,$ $d=0$ , (4.10), (4.13)
$P\{\overline{X}_{2}>\overline{X}_{1},\overline{X}_{2}>\overline{X}_{3}\}$
$= \frac{1}{4}[\exp\{-\frac{n}{3}(3\lambda^{2}-3\lambda+1)\delta^{2}\}]\{$ $\frac{3}{\delta\sqrt{\pi n}}-\frac{1}{\delta^{2}\pi n}+O(\frac{1}{n\sqrt{n}})\}$ (4.17)
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, $P\{\ovalbox{\tt\small REJECT}$. $>\ovalbox{\tt\small REJECT},, \ovalbox{\tt\small REJECT}_{3}>\ovalbox{\tt\small REJECT}_{2}\}$ $\lambda$





$(\mathrm{D})’1/3<\lambda<1$ . , $c>0,$ $d<0$ , (4.12) $\delta_{\mathrm{l}}$
$P\{\overline{X}_{3}>\overline{X}_{1},\overline{X}_{3}>\overline{X}_{2}\}$
$= \frac{1}{\sqrt{\pi}}e^{-n(1-\lambda)^{2}\delta^{2}/4}\{\frac{1}{(1-\lambda)\delta\sqrt{n}}+O(\frac{1}{n\sqrt{n}})\}$
$+ \frac{1}{\pi\sqrt{3}}[\exp\{-\frac{n}{3}(3\lambda^{2}-3\lambda+1)\delta^{2}.\}]\{$ $\frac{9}{2(1-3\lambda)\delta^{2}n}+O\{$ -7
.
$(J\mathrm{a})’\lambda=1/3$ . , $c>0,$ $d=0$ , (4.13) $\delta_{1}$ $\delta$
$P\{\overline{X}_{3}>\overline{X}_{1},\overline{X}_{3}>\overline{X}_{2}\}$
$= \frac{1}{4}[\exp\{-\frac{n}{3}(3\lambda^{2}-3\lambda+1)\delta^{2}\}]\{$ $\frac{3}{\delta\sqrt{\pi n}}-\frac{1}{\delta^{2}\pi n}+O\{$ $\frac{1}{n\sqrt{n}}\grave{J}$
.
$A:=\delta_{1}P\{\overline{X}_{2}>\overline{X}_{1},\overline{X}_{2}>\overline{X}_{3}\}+\delta_{2}P\{\overline{X}_{3}>\overline{X}_{1},\overline{X}_{3}>\overline{X}_{2}]$
, $\delta=\delta_{1}+\delta_{2},$ $\delta_{1}=\lambda\delta(0<\lambda<1)$ , $A$ . ‘
, $\lambda$ .
(a) $0<\lambda<1/3$ , (4.15), (4.18)
$A= \frac{1}{\sqrt{\pi n}}e^{-n\lambda^{2}\delta^{2}/4}+\frac{3\sqrt{3}}{\pi(2-3\lambda)\delta n}\exp\{-\frac{n}{3}(3\lambda^{2}-3\lambda+1)\delta^{2}\}+O(\frac{1}{n\sqrt}$
.
(b) $\lambda=1/3$ , (4.15), (4.20)
$A=. \frac{1}{\sqrt{\pi n}}e^{-n\delta^{2}/36}+\frac{1}{2\sqrt{\pi n}}e^{-n\delta^{2}/9}-\frac{\sqrt{3}(9+\sqrt{3})}{18\pi\delta n}e^{-n\delta^{2}/9}+O(\frac{1}{n\sqrt{n}})$
.
(c) $1/3<\lambda<2/3$ , (4.15), (4.19)
$A= \frac{1}{\sqrt{\pi n}}(e^{-n\lambda^{2}\delta^{2}/4}+e^{-n(1-\lambda)^{2}\delta^{2}/4})+\frac{3\sqrt{3}}{\pi(2-3\lambda)\delta n}\exp\{-\frac{n}{3}(3\lambda^{2}-3\lambda$
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(d) $\lambda=2/3$ , (4.17), (4.19)
$A= \frac{1}{\sqrt{\pi n}}e^{-n\delta^{2}/36}+\frac{1}{2\sqrt{\pi n}}e^{-n\delta^{2}/9}-\frac{\sqrt{3}(9+\sqrt{3})}{18\pi\delta n}e^{-n\delta^{2}/9}+O(\frac{1}{n\sqrt{n}})$
.
(e) $2/3<\lambda<1$ , (4.16), (4.19)
$A= \frac{1}{\sqrt{\pi n}}e^{-n(1-\lambda)^{2}\delta^{2}/4}+\frac{3\sqrt{3}}{\pi(2-3\lambda)\delta n}\exp\{-\frac{n}{3}(3\lambda^{2}-3\lambda+1)\delta^{2}\}+O(\frac{1}{n\sqrt{n}})$
.
, $(\mathrm{a})\sim(\mathrm{e})$ $A$ $1/\sqrt{n}$
$A=\{\begin{array}{l}\frac{1}{\sqrt{\pi n}}e^{-n\lambda^{2}\delta^{2}/4}+O(\frac{1}{n})(0<\lambda<\frac{1}{3}\emptyset[succeq] \mathrm{g})O(\frac{1}{\sqrt{n}}e^{-n\delta^{2}/36})(\lambda=\frac{1}{3},\frac{2}{3}\emptyset[succeq] \mathrm{g})\frac{1}{\sqrt{\pi n}}(e^{-n\lambda^{2}\delta^{2}/4}+e^{-n(1-\lambda)^{2}\delta^{2}/4})+O(\frac{1}{n})(\frac{1}{3}<\lambda<\frac{2}{3}\emptyset \mathrm{g}\mathrm{g})\frac{1}{\sqrt{\pi n}}e^{-n(1-\lambda)^{2}\delta^{2}/4}+O(\frac{1}{n})(\frac{2}{3}<\lambda<1\emptyset[succeq]\cong)\end{array}$
. , $\delta$ \not\in $A$ $\lambdaarrow 0$ $\lambdaarrow 1$ . 1 , $\lambda=0,1$















$c^{*}\sqrt{2}N\approx 2\delta n\sqrt{n}=2\delta n^{3/2}$
$n \approx(\frac{c^{*}\sqrt{2}N}{2\delta})^{2/3}.=$. $( \frac{0.12N}{\delta})^{2/3}=:n_{\delta}$
. , $g(n)$ $n=n_{\delta}$
$\min\max R_{n}\approx\max R_{n_{\delta}}$
$n$ $\delta_{1}+\delta_{2}=\delta$ $\delta_{1}+\delta_{2}=\delta$
, $n_{\delta}$ . 11 $\delta=0.20$
.
11 $\delta=0.20$
$\mathrm{N}$ 100 200 300 500 700 1000
$\mathrm{n}$ 15 24 32 45 56 71
5.
, 2 2 3 ,
, . ,
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